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A B S T R A C T
Purpose: The ILAE recommends baseline recordings of 30 min to detect abnormalities supporting a
clinical diagnosis of epilepsy in children. A shorter recording time may be better tolerated by children
and be more resource-efﬁcient. Our aim was to determine how many abnormalities supporting a
diagnosis of epilepsy would be missed by reducing the recording time of paediatric standard
electroencephalograms (EEGs) from 20 to 15 min.
Methods: We evaluated standard EEGs of 300 patients aged 2 months to 17 years referred consecutively
with conﬁrmed or suspected epilepsy. EEGs were recorded for 20 min on digital media. A digital copy of
each EEG was truncated to give consecutive sequences of 10 min (sequence ‘‘A’’) and 5 min duration
(sequences ‘‘B’’ and ‘‘C’’ respectively). A panel of EEG raters blinded to the children’s’ details other than
age identiﬁed these sequences as ‘‘normal’’ or ‘‘abnormal’’ if they contained spike waves, discrete sharp
waves or notched slow waves in the respective EEG period.
Results: EEGs of 297 children were analysed (three were omitted for technical reasons). 109 out of 297
EEGs (37%) had speciﬁc abnormalities supportive of a diagnosis of an epilepsy. 17 of these EEGs showed
the abnormality in EEG sequences ‘‘B’’ or ‘‘C’’ and 7 (95% CI: 1.9–12.2) out of these demonstrated the
abnormality in sequence ‘‘C’’ only. 105 out of 297 EEGs had non-speciﬁc ﬁndings.
Conclusion: We conclude that reducing the recording time of standard EEGs to 15 min may miss
abnormalities in 2.36% [95% CI: 0.63–4.09%] overall and 6.42% [95% CI: 2.2–11.8%] of those with an
abnormality supportive of an epilepsy to explain the reported symptoms. This result should inform any
future discussions on seeking resource-efﬁciencies.
 2012 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Contents lists available at SciVerse ScienceDirect
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A standard electroencephalogram (EEG) is an important tool in
the evaluation of epilepsy. In combination with a clinical
assessment it aids the classiﬁcation and management of epilep-
sies.1 Reporting physiologists and clinicians look for the occur-
rence and the localisation of abnormal electrical activity, e.g. spike
wave discharges, discrete sharp waves and notched slow waves in
EEG readings to support their diagnosis of epilepsy.
In order to obtain a satisfactory EEG reading The American
Clinical Neurophysiology Society recommends standard EEGs to
contain a baseline EEG recording of at least 20 min that is* Corresponding author at: Department of Paediatrics, Royal Preston Hospital,
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http://dx.doi.org/10.1016/j.seizure.2012.04.006technically satisfactory.2 The concept behind that is that the
recording time is proportional to the chance of detecting
abnormalities which are supportive of the diagnosis of epilepsy.3
The International League Against Epilepsy even recommends
that standard EEGs should at least contain a satisfactory baseline
EEG recording of 30 min.4 In the UK the paediatric sub-group of
Electrophysiological Technologist’s association recommends that
the ‘‘gold standard’’ for recording length, as in adults, is 20 min
(personal communication). Not only is there variation in the
recommendations but also little evidence about the shortest
sensible duration for paediatric standard EEGs. Airoldi et al.3
showed that the EEG recording time could be reduced to 4 min for
adults in several conditions, but not epilepsy. These conclusions
though, may not be applicable to children.
It may be reasonable to reduce the recording time to as little as
15 min or less in children with possible epilepsy, provided
information would be missed in only a small number of children
where epilepsy was suspected and that these children would show
important changes on a conventional length recording. This would
not only allow saving of valuable resources in busy EEG-
departments, but would also mean that children would need tovier Ltd. All rights reserved.
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when dealing with young children or those with learning
difﬁculties, who can be very challenging.
Our aim was to determine how many abnormalities supporting
a diagnosis of epilepsy would be missed by reducing the recording
time of paediatric standard EEGs from 20 to 15 min.
2. Methods
Royal Manchester Children’s Hospital serves as a tertiary
neurology referral centre for Greater Manchester and also receives
referrals for EEG recordings from seven other hospitals across the
North Western region. EEGs of 300 consecutive children referred
for a recording with conﬁrmed or suspected epilepsy between
2003 and 2004 were evaluated. Neonates were excluded. The age
range for the cohort of 156 boys and 144 girls was 2 months to 17
years with a median of 9 years (mean 8.4 years).
Standard awake EEGs were recorded for 20 min using a 19
channel electroencephalograph a (PL 270) and software (PL-EEG)
from Medtronic, Walter Graphtek GmbH, Germany. All tracings
were recorded on digital media. The international 10–20 system
was used. The positions of the electrodes were FP1, FP2, F7, F3, F2,
F4, F8, T3, C3, C2, C4, T4, T5, P3, P2, P4, T6, 01, 02, A1 and A2
according to the International 10–20 system. The total recording
time included 3 min of hyperventilation and at the end of the
recording photic stimulation from 1 to 50 Hz. This period was
always captured in sequence A (see below).
We created a copy of each EEG electronically, using the inbuilt
‘‘copy’’ function of the PL-EEG software. We then anonymised the
copy and saved it assigning a study EEG number. The EEG was then
truncated to give consecutive sequences. The ﬁrst one, named
sequence A, was 10 min long, whilst the second and third, each of
5 min duration were named sequence B and C respectively. All EEG
sequences A were then reviewed independently by a panel of three
EEG raters who regularly reported on EEGs and had more than 10
years professional experience, followed by EEG sequences B and
then C for the same child. The panel was blind to the children’
details. Each member of the panel reported each sequence and
identiﬁed an EEG trace as ‘‘normal’’ or ‘‘abnormal’’. An ‘‘abnormal’’
EEG trace was deﬁned as one supportive of a diagnosis of epilepsy if
they contained spike waves, discrete sharp waves and/or notched
slow waves in the respective EEG period. The panel member
documented their ﬁndings. Non-speciﬁc ﬁndings, deﬁned as slow0
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Fig. 1. Proportion of normal, non-speciﬁc and abnormal (suggestive of a diagnosis wave or dysrhythmia or ﬂat and feature-less appearance, were also
documented. We then counted the number of EEGs thought to be
abnormal after 10 min of the recording (based on sequence A), the
ones reported abnormal after 15 min (periods A and B) and the
ones after 20 min recording (deﬁned as abnormal in period A, B and
C). In addition we analysed data from EEGs which had only shown
non-speciﬁc ﬁndings but were not supportive of a diagnosis of
epilepsy by the same time intervals. The clinical physiologists
usually take about 5 min to explain the procedure. For clarity this
was outside the EEG recording time captured by sequences ‘‘A–C’’.
The 95% conﬁdence interval was calculated using StatsDirect
statistical software.
3. Results
EEGs of 297 children were analysed. Three EEGs were omitted
for technical reasons. Eighty-three EEGs did not show any
abnormality throughout the recording. One hundred and nine of
the 297 EEGs (37%) showed an abnormality supportive of epilepsy
(Fig. 1). A total of 105 out of 297 EEGs had only non-speciﬁc
ﬁndings during the 20 min recording deﬁned.
Seventeen of the 109 EEGs (16%) supportive of epilepsy
demonstrated an abnormality in the last 10 min of the recording
but not in the ﬁrst 10 min and out of these 7 (95% CI: 2.4–12.86) of
the 109 [6.42%; 95% CI: 2.2–11.8%] demonstrated the abnormality
only in the very last 5 min of the EEG recording. Overall, 7 (95% CI:
1.9–12.2) of the total number of 297 children [2.36%; 95% CI: 0.63–
4.09%] demonstrated an abnormality in the last 5 min of the
recording supportive of a diagnosis of an epilepsy to explain the
reported symptoms. These seven children were between 1 and 13
years old (mean age 8.5 years) and had various types of seizure
semiology. The clinical characteristics and abnormalities observed
in the last 5 min of the EEG recordings are depicted in Table 1.
Fig. 2 shows the occurrence of speciﬁc and non-speciﬁc
abnormalities observed by any panel member for the different
EEG sequences A–C. Some EEGs showed more than one type of
abnormality. Non-speciﬁc abnormalities could also be seen in
sequences showing speciﬁc abnormalities and a high number of
EEG sequences showed slow waves and dysrhythmia.
The highest number of speciﬁc abnormalities was found in EEG
sequence A which was twice as long as the sequences B or C. The
rate of speciﬁc abnormalities observed in sequences B and C was
similar.20 min
EEGs with  no  abnor malities
EEGs with  non-specific  cha nges
EEGs with  abnor malities  sug gestive  of
a "diag nosis"  of  epile psy
of epilepsy) ﬁndings seen in 297 EEGs after 10, 15 and 20 min recording time.
Table 1
Characteristics of patients who’s EEG were abnormal only in the last 5 min of the recording supporting a diagnosis of epilepsy.
Patient Age (years) Sex Clinical characteristics EEG ﬁndingsa
A 12 M 2 min long vacant episodes over preceding 6 months, not distractible, possible focal seizure 4, 7
B 10 F Not available 1, 4, 7
C 7 F Since 4 years of age localisation related epilepsy, right leg twitching, appears aware 1, 2
D 1 F Prolonged seizure requiring phenytoin to terminate, right sided focal seizure, Jacksonian
March, Todd’s paresis < 4 h, normal development, EEG Report: two paroxysmal events
recorded on video more like breath holding syncope followed by reﬂex EEG changes
4, 7
E 13 F 1 episode previously ‘‘post ictal’’, tongue bite, now seen on the ﬂoor: cyanosed, frothing
from mouth, convulsing, vacancy and confused thereafter
1 (photic stimulation++)
F 4 M Developmental delay, myoclonus, tremor 2, 4, 5, 7
G 13 F One tonic clonic seizure for 10 min, also previous twitching on waking 1
a 1: spike wave discharge, 2: discrete sharp waves, 3: notched slow wave, 4: slow wave, 5: dysrhythmic, 6: ﬂat and feature less, 7: asymmetry.
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Fig. 2. Number of EEGs showing a particular abnormality for sequences A–C.
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The diagnosis of an epilepsy still predominantly rests with the
clinical detail. We look to an EEG amongst other things to see if it
lends support for that clinical diagnosis (it may also help classify
seizure type). Unfortunately it is seldom possible to record a
clinical episode and the accompanying electrographic changes
during the course of a 20 min recording. We therefore place
reliance upon interictal changes that we know to be highly
correlated with seizures in people with an epilepsy. The most
important activity in this respect we know to be transient spikes,
sharp wave discharge or slow wave discharge which is ‘‘notched’’
(particularly if paroxysmal and rhythmic), these changes being
clearly distinguishable from background activity. False negative
recordings are usually attributed to the short sampling time,
limited service coverage by surface electrodes and possibly
attenuation of signal by scalp thickness.
Clearly the chance of detecting an abnormality is proportional
to the length of recording time. This was one conclusion drawn
through submitted correspondence5 which followed the publica-
tion of the study of Leach et al.6 They concluded that sleep deprived
EEG was an easy and inexpensive way of increasing the yield of EEG
abnormalities. The duration of recordings was not stated and it
must be acknowledged that the sleep-deprived EEGs showed a rateof abnormality of 73% compared to only 27% in the drug-induced
sleep records. However, there are few data available to justify the
recommendations from the UK Sub-group of Electrophysiological
Technologists’ Association and the American Clinical Neurophy-
siologists’ Society of 20 min, or that of the International League
Against Epilepsy of 30 min.
Narayanan et al.7 reviewed the ﬁndings from 46 consecutive
people admitted for video-EEG monitoring at two epilepsy centres.
All of them had deﬁnite epileptic seizures. The latency of the ﬁrst
epileptiform activity (equivalent to the speciﬁc abnormalities in
our study) ranged from 1 s to 48.5 h! Only one person of the 42 had
no epileptiform activity in the 24 h. Interestingly there was
correlation between the latency of the ﬁrst epileptiform activity
and the maximal spike rate. Seventeen (37%) of the 46 people in the
study had deﬁnite epileptiform activity in the ﬁrst 20 min of
monitoring. This ﬁgure is lower than a ﬁgure of 56% identiﬁed in
the study of Ajmone Marsan.8 However, none of those in the
Narayanan study were children whereas one in three in Ajmone
Marsan study were under the age of 10. There is reason to believe
that the prevalence of epileptiform activity in the young is higher
than in the adults as demonstrated by the study of Cavazutti et al.9
They studied 3726 ‘‘normal children’’ aged 6–13 years recording a
single EEG with hyperventilation. Epileptiform activity occurred in
3.5% (133 of 1326).
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appears to account for a large variance in the sensitivity and
speciﬁcity of EEGs. The EEG’s ability to predict those who will
eventually have an established diagnosis of epilepsy10 is poten-
tially limited by observer error. We were careful to avoid this
methodological weakness by ensuring each of the EEGs in the
study was read and interpreted by three people with an
adjudication response at the end to settle any differences.
Losey and Uber-Zak11 reviewed 171 EEGs performed on 155
children with duration greater than 60 min. A total of 45 of the 171
(26%) of the EEGs captured interictal epileptic discharges (IEDs). Of
these 53% were within the ﬁrst 20 min. The mean time to the ﬁrst
IED was 32.8 min with a range of 1–216 min and a standard
deviation of 48.2 min. However, the results were skewed with a
median time to the ﬁrst IED of 10 min; that is half those showing
IEDs showed them within the ﬁrst 10 min (71% of IEDs were within
30 min and 93% within 90 min of the commencement of the
recording). In no case was the ﬁrst IED seen during hyperventila-
tion or photic stimulation. The results were similar to those we
identiﬁed when only period A was analysed.
A study of the EEG recordings on 42 neonates with 487 seizures
indicated that neonatal seizures are brief events usually lasting
about 2 min12; solitary prolonged seizures are rare and the average
period of interictal recovery was only 8 min, likely to be detected
by a 15 min and certainly a 20 or 30 min recording.
Reardon et al.13 studied 420 EEGs following their usual 25 min
recording time protocol. They modiﬁed this to include all
stimulation procedures such as eye opening and closure, hyper-
ventilation and photic stimulation during the ﬁrst 15 min,
followed by 10 min of a resting recording. They analysed results
according to number of IEDs identiﬁed in the ﬁrst 15 min and then
in the following 10 min. A hundred and twenty-eight abnormali-
ties were noted in the 420 EEGs within the whole 25 min. The ﬁrst
15 min of recording failed to detect abnormalities in only 8 of these
128 people and only 4 of these were IEDs. This made the sensitivity
for epileptiform abnormalities 97.1% (conﬁdence interval 92.6–
99.2%) with no signiﬁcant difference between the two observers.
Thus with this Australian group the 15 min recording missed
discharges supportive of a diagnosis of epilepsy in about 3% (say 1
in 30 children). Our own study is remarkably concordant with it.
Whereas abnormalities were missed in 2% (95% CI: 1–5%) the
desire to detect EEG abnormalities in the management of epilepsy
needs to be balanced with the implication of longer EEG recordings
on patient compliance on the one hand, and available resources on
the other. Where diagnostic doubt remains we would agree with
Reardon et al. that a sleep deprived (or Melatonin sleep) EEG seems
the best option on current evidence. The result of our current study
should further inform future discussions where resource efﬁcien-
cies are being sought.Meanwhile we advise that a routine EEG should be tailored
according to the history and not by strict time limitations. When
the episodes are reliably daily a peripatetic (perhaps 24 h)
recording increases the chance of capturing useful data whilst
for the standard recording seizures may be captured more
frequently by hyperventilation (absence seizures), photostimula-
tion (myoclonic jerks) and the appropriate use of possible
triggering factors.
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